Taking the elevation point cloud data of buildings as an object, this paper proposed a 3D reconstruction method. By using the simple clustering method, the vertices of a plane with similar normal vector components are classified as a set of points on the same plane. The directional clustering method is used to divide each plane point, and the least square method is used to complete the fitting of the data points. The outer boundary of the facade of the building is established, and then the 3D coordinates of each corner point of the elevation are obtained. By constantly changing the threshold of angle limit and iteration number, a maximum slope can be found by choosing the key point. Taking the regular buildings in real blocks as an example, the model is compared with the experimental results. Through comparative analysis experiments, the effectiveness of the proposed method is further demonstrated, and the 3D model of the building can be constructed more accurately.
Introduction
The earliest method to establish building model mainly used camera technology to extract the main structure information of the building from a stereoscopic image. The development of science and technology has promoted the use of LIDAR technology to extract the building characteristic parameters. This technique has the advantage of high precision and fast acquisition speed.
The traditional automatic or semi-automatic reconstruction for 3D city is mainly based on the image modeling method, which is according to the principle of stereo vision, and the surfaces of buildings are reconstructed by using aerial image and ground image. This stereo reconstruction process is aimed at restoring the realistic 3D coordinates from two-dimensional images. This problem is the basic task of photogrammetry [1] and computer vision [2] . The data pre-processing of LIDAR system can be divided into two types: point cloud data filtering and building facade segmentation [3, 4] . The point cloud data is obtained by scanning the urban buildings by vehicle LIDAR. The data include buildings, trees, roadside obstacles, street lights, and so on. Because the obtained point cloud data is random and it does not include the attributes of objects, these factors greatly affect the difference between buildings and objects. So it is difficult to obtain useful building point cloud information from a large number of point cloud data [5] .
As for the feature extraction of roof structure, Vosselman and Dijkman use the traditional 3D Hough transform to extract the roof plane which has a high computational complexity and is determined by the number of roof points and the discretization of two angles [6] . Elaksher and Bethel assume that each roof has only one slope and all the eaves are parallel to or perpendicular to the main direction of the house, reducing the 3D Hough transform to two dimensions to deal with [7] . Following the hypothetical verification approach, Hu proposes a new set of algorithms including controlled search, enhanced Hough transform, and serial link technique which automatically represent the boundary of the house as rectangle and regular polygon. Because it is very difficult to rebuild the roof of complex buildings, many algorithms focus on detecting the range of houses. Most algorithms also need to distinguish between buildings and vegetation by means of other auxiliary information, such as aerial images, plans, etc.
Based on the special attribute of point cloud data of LIDAR, the filtering method of point cloud data is established in this paper. At the same time, by setting the threshold of corresponding parameters, the facade segmentation of building point cloud filtering is completed. Then, the 3D model of the building is reconstructed by extracting the point cloud of the facade of the building.
Extraction of building point cloud from LIDAR point cloud data
There is a lot of echo signal information obtained by vehicle LIDAR equipment, which mainly includes three-dimensional coordinates of scanning points, echo intensity, echo frequency, and system parameters. The data recorded by different LIDAR systems are also quite different, but in practical applications, the commonly used information is point cloud geometry data (coordinate data), laser intensity data, and laser echo data of objects returned by laser pulses [8] .
Geometric data
That is the 3D coordinate data calculated by the laser rangefinder which records the 3D spatial information of all terrain points in the whole area, and completes the geodetic coordinate conversion of the whole ground object area by coordinate solution and transformation. This part of the data is also the main LIDAR production data, and is the core data.
Laser intensity data
It reflects the response characteristics of surface objects to laser signals, and the intensity measurement methods used by different LIDAR systems are quite different. In theory, the laser intensity information is the best reflection of the type of ground objects, and the characteristics of these data can be analyzed to complete the classification. But in fact, the intensity of the laser echo is not only related to the characteristics of the reflected medium, it is also related to the incident angle of the laser, the atmospheric absorption of the laser in the process of laser pulse propagation, and so on. There are many disturbing factors, and these disturbing factors are difficult to be solved by accurate mathematical models; this disadvantage makes it difficult to classify ground objects according to strength data.
Laser echo data
Due to the penetration of the laser, different objects have different echo times and information intensity in the scanning process. When the laser pulse hits the flat top of the building or the bare ground surface, only one echo can be produced, and the echo signal is single. When the pulse is irradiated to the vegetation, the pulse can penetrate the vegetation to form multiple echoes.
Spectral data
The laser radar can directly obtain the 3D coordinates of the target point, which can make up for the lack of height information of the two-dimensional data such as optical image. Although the LIDAR data has its own advantages in extracting spatial position information; the spectral information contained in the image data also plays an important role in the recognition of objects.
The most important task of building reconstruction is to extract useful data from LIDAR point cloud. The point cloud filtering and classifying algorithm of geometric feature and attribute feature are usually used to extract the point cloud of building. The specific steps are shown in Fig. 1 [9, 10] .
Method
The plane (facade) of the building facing the direction of the vehicle does not always have to be a plane, but it is affected by the direction of the vehicle at a time when it produces different relative obliquity [11] . For example, curved, concave, or convex structures. Methods for rebuilding a building are as follows.
Facade laser point clustering of complex buildings
The ridge of a house belongs to a more complicated structural form. In general, the ridge line of a house should be parallel to the horizontal plane, but the calculated results are not necessarily the same. There are two ways to solve the problem. One way is to modify the building model when the whole building model is constructed, the other one is to add the constraint relation between the two planes to obtain the roof plane, and to obtain two best vertical feet simultaneously by joint estimation.
Using of irregular triangulation networks (TIN) stores proximity between discrete points in space. The TIN mathematical model divides the obtained discrete data into several triangles; each point in these surfaces is the vertex of the triangle. For scattered irregular elevation points, it can concentrate these points in a random set of points P, make each point in P correspond to its elevation value separately, so we can build a spatial TIN model [12] . The constructed TIN model is shown in Fig. 2a . For triangular facets ΔABC which can be shown in Fig. 2b , we can know the three-dimensional coordinates of the three vertices and normal vector v
Take the center of gravity of ΔABC as the starting point to make the normal vector v ! of ΔABC, as shown in Fig. 2b . In complex buildings, the normal vectors have similar directions in the plane with the same slope or similar slope, while the normal vectors on the triangulated small planes on different slope planes have great differences. When a normal vector is assigned to the 3D model, the image rendered by the rendering engine becomes three-dimensional. However, the model lacks texture and still lacks authenticity. Texture is an important surface attribute in 3D model. If the real picture is taken as the texture of the 3D model, it can greatly enhance the reality of the model.
Using a simple clustering method, the vertices of a plane with similar normal vector components are classified as a set of points on the same plane. For regular herringbone facades, the elevation points are clustered into two classes by taking the mean value of normal vectors in x and y components as the center. By calculating the intersection of the result points set of each component clustering, the comprehensive clustering results of LIDAR points in x and y components are obtained, which is shown in Fig. 3 .
Plane fitting of vertical laser points
Just like straight line fitting, the fitting plane of these n points can be obtained by fitting each point in space into the most similar plane. It also uses the least square method to complete the fitting of data points. That is to say, the plane fitted by these n points (
. The plane point set I and the plane point set II can be fitted to the plane I and plane II respectively by the least square fitting.
In the plane z = f (x, y), the initial contour of the elevation plane can be calculated by using the convex shell of the point set, thus the point set of the plane can be obtained [13] . For the point set S1 of point p 1 , p 2 ,…,p n on plane. The vertices of the convex shell of point set {p 1 ,p 2 ,…,p n } are calculated by using the x and y coordinates of each point. The basic methods are (1) passing through the point p 1 (a vertex of the convex shell) with the smallest y coordinate in S1 makes a ray parallel to the positive direction of the x axis. (2) Let l rotate counterclockwise around p 1 , if it meets the second point p 2 in S 1 , then the ray l rotates around p 2 counterclockwise, thus creating a segment between p 1 and p 2 , which is one of the edges of the convex shell. (3) The ray continues to rotate; it rotates to the initial position of p 1 where the closed polygon is the convex shell that needs to be obtained. 
Determination of the outer boundary of the facade of complex buildings
The steps to track the boundary of the facade plane are as follows: First of all, finding the external boundary of the facade; and then, finding the intersection line between two planes; finally, establishing the boundaries of each plane. When calculating the boundary of elevation plane. First of all, the intersection line of the elevation plane is calculated, and the minimum rectangle on the outer side of the intersection line which can contain convex shell is calculated by using the geometric relation of the intersection line. Its boundary is the boundary of the facade plane of the building. The intersection line l between the two adjacent planes is the boundary of the facade plane of each building. Given plane I: A 1 x + B 1 y + C 1 z = 1; plane II: A 2 x + B 2 y + C 2 z = 1. The intersection line l of plane I and plane II can be expressed in the form of coordinates as follows:
, any point on the intersection can be represented as:
The boundary corner of the corresponding facade can be obtained by Eq. (1). Using the above method, according to the spatial position of each point in the TIN model, the triangle with large spacing is removed. The initial boundary point can be obtained by selecting the boundary edge formed in the remaining triangular network. Among these initial boundary points, the point where the slope of the de-drop vector varies greatly, the other points are inflection points. By connecting the inflection points to each other, you can get a regular polygon of the structure shape which is basically the same as the shape of the actual building. However, in order to make all LIDAR points form the interior of polygon at inflection point, we need to obtain the extension point of the boundary. The boundary of the vertical plane formed by the extension point is the final extracted boundary of the elevation plane of the building. The elevation boundary extraction method of building LIDAR point cloud data is divided into four parts [14] :
1. Establishment of triangular networks: The point clouds on the facade of a building are combined to form a triangular network perpendicular to the horizontal plane, and the longer side triangles are removed from many triangles. 2. Filter initial boundary points: For the remaining triangulation, a triangle has only one boundary side, while the non-boundary side can appear in two triangles at the same time. Therefore, the initial boundary points can be separated by this method, as shown in Fig. 4 . As you can see from the figure, this is a polygon with a concave angle which is obtained directly from an irregular triangular network; the boundary of the convex shell is shown in the black thick line in Fig. 4 . It can also be seen that this thick black line does not really represent the facade boundary of the building. In this case, the triangles whose side length is obviously larger than the average point spacing are removed from these irregular triangulations, and the initial boundary points are removed by using the spatial position relation of the points in the remaining triangulation network. It can be seen that there is an irregular triangulation network structure in the upper left part of Fig. 4 , and some sides are too long for polygons in the facade of the building. Therefore, the threshold can be removed by setting the threshold of the length. In this paper, the threshold of side length is set to be 1.5 times the average point spacing, and the triangle whose edge length is larger than the edge length threshold is removed, and the irregular triangular network is also removed. The treated facade is shown in Fig. 5 . 3. Filter inflection point: In the above initial boundary point, the point with significant slope change is determined and extracted by the angle of vector between a certain point and its adjacent two points as the inflection point of the polygon. And these inflection points need to be filtered, according to the magnitude of the angle value of the two vectors formed by these three points, the key point is called the point whose angle value exceeds a certain threshold value of the vector. Figure 6 is a geometric relationship of the three adjacent point vectors where Pneighbor1, Pcenter, and Pneighbor2 are the initial boundary points. Pneighbor1 and Pneighbor2 are two closely adjacent boundary points of the boundary point Pcenter, and θ is the angle of variation of the two boundary boundaries of the boundary point Pcenter which is called the angle between the two vectors. The larger the angle value is, the greater the slope value of the corresponding line will be; this property is used to judge that the boundary point is the key point in the initial boundary point. By changing the limit value of angle (threshold) and iterative subvalue, a key point of maximum slope change is found. In practical applications, the initial angle threshold is often set to 10°, and the increment of the holding angle threshold is 1°. The number of iterations is 30, that is, when the angle threshold reaches 40, it is a better threshold. The inflection points (such as "○" in Fig. 7) can be obtained by continuous iteration; the boundary of building facades composed of these inflection points can clearly express the contours of building facades.
Extended borders:
It can be seen from Fig. 7 that some data values of laser points are outside the contours of the facade of the building, so it is necessary to extend the boundary to make all laser data points fall inside the contour of the facade boundary. The idea of boundary expansion is to find a point with the largest distance to each side of the polygon by calculating the distance between the point and the straight line. The steps to implement: first, calculate the point P maxi (In the diagram, use "★" marking) in the set {p 1 , p 2 ,…,p m } which is the point of the maximum distance from the interior point to the boundary line. Then the point P maxi is judged on the inner or outer side of the polygon formed on the facade of the building. If the point P maxi is outside the polygon, the point is the extension of the boundary line; if the point P maxi is inside the polygon, we need to calculate the point P maxnewi which has maximum distance from the new line that crosses point P maxi and the directional vector is the same as the directional vector of the boundary line; this point is the extension point of the boundary line. The boundary obtained by using the above steps is shown in Fig. 7 as the black boundary which is the facade plane of the reconstructed building.
Building model establishment
As shown in Fig. 8 , the regular building on the herringbone facade has ten vertices. Since the walls of the building are vertical to the ground and are symmetrical structures, the vertices 3, 4, 5, 6, 7, 8, 9, 10 correspond to the same values of x and y respectively. Vertices 1 and 2 have the same elevation values; vertices 3, 4, 5, 6 have the same elevation values; and vertices 7, 8, 9, 10 have the same elevation values [15] . Thus, the coordinates of each point can , (x 6 , y 6 , z 7 ). A total of 15 parameters are required in which z1 denotes elevation of the facade of the building and z3 indicates the height of the eaves of the building and z 7 indicates the elevation of the ground. The parameters x 1 to x 6 , y 1 to y 6 , and z 1 to z 3 can be obtained from the above results of plane fitting and boundary determination. z 7 is the height of the cloud data around the building. The 3D model of the building can be established when the 3D coordinates of the above corner points are determined. Considering that the research object of this paper is mainly regular buildings. The facade of a building is mainly composed of a flat wall and some detailed features (such as windows), so the essence of dividing the point cloud of the facade of a building is to extract the plane slice from the data of the point cloud. When dealing with the point cloud data on the facade of a building, the main object to be solved is the partition of the wall, window, and other important plane objects contained in the point cloud data.
The vehicle laser scanning system acquires the spatial point cloud data by scanning the objects line by line. The laser scanning points are arranged in a two-dimensional grid, and each two-dimensional grid node corresponds to a three-dimensional spatial point. This kind of organization is similar to that of two-dimensional images, so point cloud data is also called range image. For the 3D reconstruction of vehicle point cloud data, most of the existing feature extraction methods are based on distance image, and the idea of image processing is used to extract the feature of point cloud. Li Bijun and others obtained the two-dimensional plane features of the facade of the building through the overall matching correction of the continuously scanned laser survey section, and then recalculated the original measurement data according to the correction information. The outer-plane contour information reflecting the geometric characteristics of the facade of the building is obtained.
After extracting line segment point set from original point cloud data, the influence of discrete points is eliminated. The remaining points mainly include ground point and building elevation point, and also include some linear segment points set formed by reflection of other ground objects. In order to distinguish different objects by line segment set, we must give corresponding attributes to the line segment set: (1) 
Discussion and experimental results of building reconstruction
For the identified data, the size, position, and arrangement of several elements of the facade can be obtained. According to these relationships, the elements of the facade are classified, and the structural information is extracted, thus the fine 3D model of the facade of the building can be obtained. The Optech ALTM1210 LIDAR test system is used to collect the data of two main buildings in the block. The average point density collected by the instrument is 0.67 points/m 2 . This series of data records the three-dimensional position information feedback from each laser pulse signal and the last pulse signal; the blocks measured consist of more buildings and some nearby vegetation.
In this paper, GPS and other direct geographic positioning devices are not used in the acquisition of ground LIDAR data. Therefore, in order to facilitate late data registration. During scanning, the site layout of ground LIDAR data is briefly recorded and the schematic spatial position relationship between the surrounding buildings and the stations can be obtained by sketching the outline of the surrounding buildings.
The obtained LIDAR point cloud data are shown in Fig. 9 . The building on the left is marked "1" and the building on the right is marked "2". Figure 10 shows the reconstructed building.
As for the irregular and irregular discrete date in Fig.  9 , before the reconstruction of 3D buildings, we extract and separate the main point clouds using the methods used earlier in this paper, fit the extracted elevation cloud of buildings, and rebuild the buildings using the previous method. Through the comparative analysis experiment, the validity and feasibility of the method described in this paper are further demonstrated, and the proposed reconstruction method is able to construct the 3D model of the building more rapidly. The drawback of vehicular LIDAR is that it does not have better data about point clouds on the roof.
Conclusion
In this paper using a simple clustering method, the vertices of a plane with similar normal vector components are classified as a set of points on the same plane. The directional clustering method is used to divide each plane point, and the least square method is used to complete the fitting of the data points. And we concluded that:
1. Using the simple clustering method, the vertices of a plane with similar normal vector components are classified as a set of points on the same plane. 2. By using the direction clustering method to divide each plane point and fitting of the data points by using the least square method, the outer boundary of the elevation of the building is established, then the three-dimensional coordinates of each corner point of the elevation are obtained. The initial contour of the elevation plane is calculated by using the convex shell of the point set. 3. In these irregular triangulation networks, the triangles whose sides are obviously larger than the average point spacing are removed, and the initial boundary points are removed from the remaining triangulation by using the spatial position relation of the points. By changing the limit value of angle (threshold) and iterative subvalue, a key point of maximum slope change is found. The idea of boundary expansion is to find a point with the largest distance from each side of the polygon by calculating the distance between the point and the straight line. 4. Through comparative analysis experiments, the effectiveness of the proposed method is further demonstrated and the 3D model of the building can be constructed more accurately.
